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CHAPTER I. INTRODUCTION 
The radio telescope is the basic instrument used by the 
radio astronomer to observe and study naturally emitted radio 
frequency waves from extraterrestrial sources. Radio astron¬ 
omers are interested in large, economical, versatile antennas 
which can easily be modified to cover different frequency 
bands. Usually the antennas are designed for high gain, with 
main beams as narrow and side lobe levels as low as possible. 
Spillover radiation, that part of the feed pattern that is 
outside of the cone defined by the edge of the dish and the 
phase center of the feed, should be kept to a minimum. If 
polarization measurements are desired, the antenna pattern 
should be closely similar for all planes of polarization (1). 
These stringent requirements of radio astronomy can be satis¬ 
fied by combining large, paraboloidal ground antennas with 
very sensitive low-noise receivers. This system is still the 
best we have today (2). 
This research was prompted by the need for a feed system 
for two 8.53 meter parabolic dishes to be used as an interfer¬ 
ometer at 405 MHz. Figure 1 is a picture of one of the para¬ 
bolic dishes. The dishes, obtained as government surplus 
are located at the Erwin W. Fick observatory of Iowa State 
University. The interferometer will be used in connection 
with classes at Iowa State University to give students prac¬ 
tical experience in radio astronomy. 
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In this paper a feed geometry will be chosen to meet 
given design specifications. The feed geometry will be ana¬ 
lyzed both theoretically and experimentally. Out of this 
analysis a workable feed design will be chosen for use in the 
8.53 meter parabolic dishes. 
Chapter two of this thesis presents the dish parameters 
and gives the desired performance of the feed in connection 
with the dish. Considerations of the feed design are pre¬ 
sented based on the dish dimensions and the desired perform¬ 
ance of the system. From these considerations a feed geome¬ 
try was chosen. 
Theoretical patterns of the feed are presented in the 
third chapter. The patterns are evaluated and the suitability 
of the feed is discussed. Chapter four presents measured 
field patterns of the feed at selected frequencies in its 
band width and for different ground plane sizes. These are 
compared with the theoretical patterns and differences are 
discussed. 
The theoretical performance of the dish with the feed in 
place is evaluated in chapter five. 
Chapter six presents a summary of the work with recom¬ 
mendations for further work. 
It will be shown that the suggested feed design can be 
built to meet the given specifications. 
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CHAPTER II. SPECIFICATIONS AND DESIGN 
The 8.53 meter parabolic dishes have a geometry as shown 
in Figure 2. They have a focal length (f) of 3.75 meters and 
a ratio of focal length to diameter (f/D) of 0.437. At the 
edge of the dish© has a value of 60 degrees. The feed will 
be supported by three supports that extend from the edge of 
the dish to a steel ring above the focal point. The feeds are 
to work at a center frequency of 405 MHz with a band width of 
16 MHz. In order to receive polarization information, the 
feeds are to have two modes of reception, their polarizations 
being linear and at right angles to each other. The first 
side lobe of the secondary pattern, the pattern of the dish 
with the feed in place, should be at least 25 dB below the 
main beam while the other side lobes should be lower. The 
spillover should be kept as low as possible. The feed is to 
be connected to receiving equipment through 50 ohm coaxial 
cable. The maximum allowable VSWR over the band width of the 
feed is 1.22. Mechanically the feed will need to be able to 
stand up to typical Iowa weather the year round. These spec¬ 
ifications indicate that the dish will have to have a highly 
tapered illumination. 
The geometry of the feed design chosen is shown in Figure 
3. The polarization requirement of the feed is met by using 
two sets of dipoles oriented perpendicular to each other. 
By properly electronically combining the outputs of the 
5 
Figure 2. Geometry of the 8.53 meter parabolic dish 
with feed in place showing relevant 
dimensions 
6 
Figure 3. Geometry of the feed 
7 
two sets of dipoles, plane polarization at any position angle 
or either sense of circular polarization can be provided (3). 
The proposed feed consists of a conducting ground screen 
of radius (r) with two pairs of half-wave dipoles mounted to 
it as shown in Figure 3. Rigid copper tubing with a radius 
(a') of 0.317 cm is to be used to build the dipoles. This 
tubing is readily obtainable and of such strength that it 
will be able to stand up to windy Iowa weather. 
At 405 MHz, the free space wave length (A) is 74.1 cm. 
Calculating a/A> we get 0.0043. From Figure 14-7 of Jordan and 
Balmain (4) the height (H) of a short monopole at resonance is 
0.23A and the impedance (Z^) is 30 + j 0 ohms. Therefore, 
the resonant length of a dipole would be 0.46 A and its im¬ 
pedance at resonance would be about 60 + j 0 ohms. This was 
the dimension chosen for L in Figure 3. 
From array theory we know that we will get maximum di¬ 
rectivity without secondary lobes from two in-phase point 
sources, for a spacing of A/2 between them. Therefore, A/2 
was the dimension chosen for S in Figure 3. 
For design purposes the ground screen will be assumed to 
be a perfect conductor of infinite extent. It will also be 
assumed that the two sets of dipoles on the ground plane do 
not interact appreciably. Figure 4 shows how image theory 
can be applied to a set of dipoles on the feed. The ground 
screen is replaced by an image dipole set situated at a 
8 
distance (h) below the ground plane. The currents in the 
image elements are equal in magnitude but reversed in phase 
by 180° with respect to the dipole currents (5). From this 
theory it is known that in order to get maximum radiation in 
the direction 9 = 0, we have to set h equal to \/4. This 
was the dimension chosen for h in Figure 3. 
The actual patterns of the feed are expected to differ 
from those that can be calculated by the method of images. 
The fact that two dipole sets are present will affect the 
pattern, but this will be a minor effect because the dipole 
sets are perpendicular to each other. The major cause for 
departures of the feed patterns from those calculated by the 
method of images will be the finite ground plane that is 
used instead of the theoretical infinite one. This will 
cause energy to be present in the feed patterns for© between 
90° and 270° that image theory would not predict. The fin¬ 
ite ground screen will also cause the phase center of the 
feed to move from the plane of the ground screen. In the 
limit as r goes to zero, the phase center of the feed moves 
to the plane of the set of dipoles. Another effect of reduc¬ 
ing the ground screen size is that the beam width of the 
pattern varies. 
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CHAPTER III. THEORETICAL EVALUATION OF FEED PATTERNS 
Pattern multiplication is applied to the array shown in 
Figure 4 to obtain the field pattern of a set of dipoles on 
the feed in the two primary planes shown. All constants are 
dropped from the expressions because only the shape of the 
pattern is desired. The theoretical expressions for the 
patterns are all normalized to one at the maximum. 
For an array of isotropic point sources of the same ampli¬ 
tude and phase as shown in Figure 5, the normalized field pat¬ 
tern is cos ( IJL sin 9 ). For an array of isotropic point 
sources of the same amplitude but opposite phase as shown in 
Figure 6, the normalized field pattern is sin ( cos 9). 
The normalized pattern of an individual dipole as viewed in 
the E-plane diagram of Figure 4, assuming the dipole is lying 
along the X-axis centered at the origin, can be given as 
cos ( sin 9) C6). This assumes a dipole length ^ . 
cos ^ 
Therefore, applying pattern multiplication (5), the normalized 
pattern for the H-plane is given as: 
EQ = sin( JL cos G) cos( -HI sin © ) 
and for the E-plane 
EA = sin( cos© ) cos ( TT* sin© ). 
2 2  
COS 9 
Figure 7 shows a plot of the normalized value of E0 
10 
us © for the center frequency of 405 MHz. 
-I -I 
«3 4 €> 
I 
H-Plane E-Plane 
Figure 4. Dipole set above the ground screen 
with image shown below the ground 
screen 
Figure 5. Array of two isotropic point sources 
of the same phase and amplitude 
11 
Figure 6. Array of two isotropic point sources 
of the same amplitude but opposite 
phase 
From Figure 7 it can be seen that at © = 60°, which cor¬ 
responds to the edge of the dish, the normalized value of E@ 
is down 16.6 dB from its value at © = 0° for the H-plane 
pattern and 10.6 dB for the E-plane pattern. By having a 
tapered illumination of the dish, the side lobe level will be 
lower than for a uniform illumination. Also having a feed 
pattern with a narrower beam will decrease spillover. The 
aperture efficiency of the dish will be lower with tapered 
illumination than if it were illuminated uniformly. In most 
12 
Figure 7. Plot of the theoretical value of E_ 
versus © for 405 MHz 
cases a good compromise between directivity, side lobes and 
spillover is obtained by having a feed whose pattern is down 
about 13 dB at the edge ofthe dish (7, p.151). Because this value 
13 
is between the E and H-plane values of the theoretical pat¬ 
tern at © = 60°, it was decided to build the feed according 
to the design outlined above. 
The actual pattern of the feed is expected to differ from 
Figure 7, as discussed on page 8, because a finite ground 
screen is used and the dipoles are expected to interact some¬ 
what. It is expected that if these factors affect the feed 
pattern excessively, the dimensions h and S may be adjusted 
to counteract the changes. In view of the difficulty of cal¬ 
culating patterns with a finite ground screen, this experi¬ 
mental method of pattern adjustment, if needed, is the most 
practical. 
14 
CHAPTER IV. EXPERIMENTALLY MEASURED PATTERNS 
AND IMPEDANCE ADJUSTMENT OF THE FEED 
In order to use the feed, it needs to be matched to 50 
ohm cable. From Figure 14-3 in Jordan and Balmain (4), using 
the curve for H^ = ^ = H2» it is found that for Figure 4 the 
mutual impedance between element one and element two (Zi2> 
equals -5.85 - j 13.8 ohms. Similarly, Z14 equals -12.9 + 
j 1.59 ohms. If dipoles one and two are fed in phase, then 
1^ = I2 = -I3 = -14= I. The input impedance of dipole one is 
= zn + z12 - z13 - z14 
and since Z^2 = Z^3 
= Zxl - Z14 = 72.9 - j 1.59 ohms. 
For initial design purposes this is assumed to be real and a 
close match to RG - 59/u coaxial cable which is used for the 
leads from the dipoles and has a characteristic impedance 
(ZQ) of 75 ohms. 
A one-to-one balun is used for connecting the dipoles to 
the coaxial lines as shown in Figure 8. The balun also serves 
as the means of supporting the dipoles a quarter wave length 
above the ground plane. The leads of the four dipoles are 
each cut to the same length; this length is somewhat arbitrary 
assuming the dipoles are approximately matched to the RG-59/u 
15 
Figure 8. One of the 405 MHz dipoles 
coaxial cable. The dipoles and baluns were electroplated with 
silver after they were constructed in order to cut down on 
corrosion of the copper. 
The method of attaching the dipoles into sets is shown in 
Figure 9. The leads of the dipoles come through holes in the 
ground screen, which is constructed of 1/8 inch aluminum, 
directly below where they are mounted. The leads of dipoles 
A and C were joined together through a tee connector as were 
those of B and D. These two outputs were then matched to 
RG - 58/u coax (ZQ = 50 ohms) by using a single stub tuner 
on each output. There tuners consist of a length of 
16 
Figure 9. Method of attaching the tunning stubs 
on the back of the ground screen 
RG - 58/u coax of such length that a tee connector hooked to 
the length will have its center at a location where the real 
part of the normalized admittance is egual to unity. At this 
location the shortest possible shorted stub is added to can¬ 
cel the susceptance and, therefore, match the dipole sets to 
50 ohms. The actual matching of the dipoles on the finite 
ground screen disk was done using the expanded Smith chart 
overlay on the HP8414A Polar Display used with the HP8410A 
Natwork Analyzer. An external marker was used to get a more 
accurate value for the freguency that corresponds to each 
point on the impedance locus. Figure 10 shows the results of 
the matching. The VSWR does not exceed 1.20 over the band 
17 
width. 
Figure 10. How the impedance (normalized to 50 ohms) 
varies looking into the inputs shown in 
Figure 9 
Small plexiglass supports are used to keep the dipole ends 
at the proper angle and spacing. Figure 11 shows a picture of 
the completed feed with the plexiglass supports in place. 
Field patterns of the feed were recorded using a Scientif¬ 
ic Atlanta Model 1530 Polar Recorder. An AIL 124 Power Os¬ 
cillator provided plenty of power for the pattern 
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measurements. A corner reflector was used as the transmitting 
antenna. Due to the lack of an anechoic chamber that would 
work down to 405 MHz, the patterns were taken outdoors from 
one part of the roof of Coover Hall to another part. Figure 
12 shows a cross section of the set-up. 
Figure 12. Pattern range set-up for use at 405 MHz 
A system of reference was set up in order to study the 
pattern of the feed at different positions to see if the pat¬ 
tern had rotational symmetry. A feed angle of 0° corresponds 
to dipole A, 90° to dipole B, 180*"* to dipole C, and 270° 
to dipole D, being above the other dipole in its set and also 
being parallel to the earth. Other feed angles correspond 
20 
to rotating the feed. E and H patterns correspond to the 
configurations shown in Figure 4. Figures 13 through 24 show 
the measured relative field intensity patterns of the feed. 
The effects of r on the feed pattern were tested by using 
three different diameters of ground screen and observing the 
patterns. It was observed that as r was decreased, the feed 
pattern became broader. This would correspond to decreasing 
the aperture taper of the dish. It was also observed that 
as r decreased, the pattern beam width became more frequency 
sensitive over the band width. Thus the illumination of the 
dish can be controlled to some extent by varying r if for 
small r the frequency sensitivity can be tolerated. Disks of 
radius 37.0 cm, 45.7 cm, and 61.9 cm were studied. 
Table 1 shows some of the characteristics of the measured 
patterns. The patterns have very good rotational symmetry; 
better than the theory predicted as shown in Figure 7. This 
is probably due to the limited size ground screen and inter¬ 
actions of the dipoles. This property is very desirable. 
Beam widths with all three disk sizes are suitable; no modi¬ 
fications of dipole positioning are needed. 
It is now necessary to choose between the three ground 
screen sizes. The frequency sensitivity of the smallest 
disk size makes this size a less suitable choice than the 
others. For the other two disk sizes, the decision will be a 
trade-off between the two factors of edge taper and aperture 
21 
r = 37.0 cm r = 45.7 cm 
Figure 13. E-plane patterns at 405 MHz for different 
values of the ground screen radius (r) 
22 
Frequency: 413 MHz 
Fiqure 14. E-plane patterns for r = 45.7 cm 
23 
Frequency: 405 MHz 
Figure 15. H-plane patterns for r = 45.7 cm 
24 
Frequency.* 397 MHz Frequency: 405 MHz 
Frequency: 413 MHz 
Figure 16. Patterns at a feed angle of 45° for 
r = 45.7 cm 
25 
Feed angle: 0° Feed angle: 45° 
Feed angle: 90° 
Figure 17: Patterns at 405 MHz for r = 45.7 cm 
2 6 
Figure 18. E-plane patterns at 405 MHz at four 
orientations of the feed for r = 61.9 cm 
27 
Feed angle: 0° 
_-O 
Feed angle: 90 
Feed angle: 180° Feed angle 270° 
Figure 19. H-plane patterns at 405 MHz at four 
orientations of the feed for 
r = 61.9 cm 
28 
Feed angle: 0 Feed angle: 15 
Feed angle: 30 
Figure 20. Patterns at 405 MHz at different feed 
angles for r = 61.9 cm 
29 
Figure 21. Continuation of Figure 20 
30 
Frequency: 405 MHz 
Frequency: 413 MHz 
Figure 22. E-plane patterns for r = 61.9 cm 
31 
Frequency: 397 MHz Frequency: 405 MHz 
Frequency: 413 MHz 
Figure 23. H-plane patterns for r = 61.9 cm 
32 
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Table 1. Characteristics of the measured feed patterns and 
theoretical values for different values of r 
r HaIf-power 
beam width 
Taper of feed 
pattern at © = 60 
0 (theoretical) 69.0° 14.8 dB 
37.1 cm 61.7° 12.0 dB 
45.7 cm 57.6° 13.8 dB 
61.9 cm 52.9° 17.1 dB 
CO (theoretical) 65.0° 13.1 dB 
blockage by the feed. Theoretical secondary patterns for the 
two cases are presented and discussed in the following chap¬ 
ter . 
Sidelobes in the feed pattern are of concern because a 
feed sidelobe may be pointing at a very strong radio source 
while the main beam of the secondary pattern is being used to 
study a much weaker source. Thus it would be useful to know 
the exact sidelobe levels in the feed. These levels may be es 
timated by radial scaling on the patterns shown in the preced¬ 
ing figures. It should be emphasized, however, that stray rad 
iation on the pattern range causes these levels to be somewhat 
inaccurate. From the patterns, it seems unlikely that any 
feed sidelobe levels exceed 0.1, N - 20 dB. 
34 
CHAPTER V. THEORETICAL EVALUATION OF FEED IN THE DISH 
The predicted pattern of the dish with the feed in 
place is now desired. From this analysis, a value will be 
picked for r to use with the feed. In general, the feed 
pattern in the presence of the paraboloid differs from its 
free-space pattern because the paraboloid tends to modify 
the current system of the feed. The interaction of the 
feed and paraboloid has no significant effect on the feed 
pattern as long as the focal length of the paraboloid is 
at least several wave lengths in magnitude and the dish is 
in the radiation zone of the free-space pattern of the 
feed (8). In the 8.53 meter dish, this condition is met. 
Therefore, the feed pattern in the presence of the reflector 
will be considered to be the same as tinder free-space con¬ 
ditions . 
Since the directivity of the feed pattern is such that 
most of the energy lies within the cone defined by the feed 
and the reflector, the complex problem of interference be¬ 
tween the fields of the feed and the paraboloid may be ig¬ 
nored in the following calculations. It will also be as¬ 
sumed that the back lobe of the feed is negligibly small. 
The aperture of the system shown in Figure 2 may be 
defined as the area on the infinite plane, perpendicular to 
the dish axis and in front of the feed, circumscribed by 
the curve obtained by the projection of the boundary of the 
35 
dish along the reflected ray to the plane. In the case of 
the paraboloid, the aperture is circular. By placing the 
feed so that its phase center is at the reflector focus, an 
eguiphase surface will exist for the transmitting case 
after the wave is reflected in any plane normal to the axis 
of the paraboloid (9). Therefore, the field distribution 
over the aperture is of interest because it is what con¬ 
trols the main-beam shape and width, the sidelobe level, 
and the sidelobe envelope (7, p. 47). 
In order to find the aperture distribution, we observe 
that the reflected waves are parallel; therefore, the field 
intensity is assumed to remain approximately constant after 
the wave is reflected, until it reaches the aperture. The 
electric field at a point on the aperture is thus the same 
as that at the corresponding point on the paraboloid except 
for the phase retardation corresponding to the path from 
the paraboloid to the aperture. The distance from the phase 
center of the feed to a location on the paraboloid in direc¬ 
tion 9 as shown in Figure 2 is given by 
R = 2f  = f 
1 + cos 9 cosz 9 
2 
Since the electric field intensity of the spherical 
wave from the feed falls off as ^ , the intensity at the par- 
aboloid and, therefore, for the corresponding location on 
the aperture is proportional to the far field intensity at 
36 
2 © 
a fixed distance from the feed for a given © times cos ^ 
(7, p. 150). 
Once the aperture distribution is determined, the sec¬ 
ondary pattern is the Fourier transform of this distribu¬ 
tion. Due to the complexity of the calculations, the aper¬ 
ture distributions that can be investigated without advanced 
computational techniques are somewhat limited. In the pros¬ 
it 2 2P 
ent case the function b + (1 -p ) where p = — and b repre¬ 
sents a constant or "pedestal" to which the function 
(1 - ) is added, is found to approximate closely the 
aperture distributions produced by the feed. For the pres¬ 
ent evaluation, the pedestal will be taken to equal the 
value of the aperture distribution at p = 1. Figure 25 
2, 2 
shows a plot of b + (1 - p ) with b = 0 and the aperture 
distributions (with their pedestals removed) produced by 
the feed for different values of r. In Figure 25, the 
effect of obstacles in between the dish and the aperture 
are not taken into account. 
St 2 
The function b + (1 - p ) is of importance because 
both the pattern and directivity can be obtained in closed 
form. It will be assumed that the distributions studied 
are rotationally symmetric. Silver (8) gives the pattern 
integral for this distribution as 
O 
37 
Fiqure 25. Aperture distributions with their 
pedestals removed calculated from 
measured feed patterns for different 
values of r gompared with the func¬ 
tion (1 -Or) where ^ equals the 
radial distance P on the aperture 
plane normalized to 1. 
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Bessel function of the first kind of order 0, and ^ is as 
shown in Figure 2. This integrates to 
able in tabular form (10). 
Devices that are interposed between the reflector and 
a hypothetical observation point at infinity result in re¬ 
duced directivity and increased side lobes in general. This 
effect is referred to as aperture blockage. In this case, 
blockage is created by the feed disk and the feed support 
tripod. The radiation pattern associated with the aperture 
blocked by the feed disk can be given as the superposition 
of the pattern of the unblocked aperture and the pattern of 
a uniformly illuminated aperture of radius r. The aperture 
of radius r is illuminated with a wave that is 180° out of 
phase to the one illuminating the unblocked aperture. It can 
be assumed that the aperture of radius r is uniformly illum¬ 
inated since r« D. The secondary pattern taking the aper¬ 
ture blockage due to the feed into account is given as 
g (u) = 7T a 2 £ b (u) 
The lambda functions where n is an integer are avail¬ 
27~T~r sin ^ and A is the magnitude where u' 
39 
of the illumination over the aperture of radius r. 
Table 2. Comparison of beam, widths and sidelobe levels for 
different ground screen radii (r) 
Half-power Level of first Beam width 
beam width sidelobe, dB between first 
nulls 
g(u) 
r = 45.7 cm 6.31° -33.66 17.72° 
A=1.181, 
q' (u) 
b=0.181 
6.30° r = 45.7 cm -29.84 17.66 
A=1.181, b=0.181 
q (u) 
r = 61.9 cm 6.54° -34.70 18.72° 
A=1.116, b= 0.116 
q ' (u) 
r = 61.9 cm 6.46° -28.66 18.62° 
A=1.116, b=0.116 
Table 2 gives calculated values for beam width and side- 
lobe level based on g(u) and g'(u) with two different values 
of r. 
From Table 2 it is readily seen that the feed disk block¬ 
age raises the level of the first sidelobe while slightly 
reducing the half-power beam width. Taking r = 45.7 cm gives 
the narrower half-power beam width and the lower sidelobe 
level, so this is the value that was chosen for the feed de¬ 
sign. The value of r = 37.0 cm was not considered because 
this value of r made the pattern of the feed somewhat depend¬ 
ent on frequency over the band width. 
Having decided on a value of r, we now desire to 
40 
estimate the aperture efficiency of the dish. The aperture 
efficiency is needed in order that the antenna temperature 
might be converted to brightness temperature. The maximum 
theoretical gain of the dish, excluding super gain, is 
4 Jf A 
Gmax =  where A^ is the physical area of the aperture. 
For the 28-foot dish, Gmax equals approximately 1300 at 405 
MHz. The actyal gain (G) of the dish is related to Gmax by 
the aperture efficiency (n), G = n Gmax. Aperture efficiency 
can be considered as a product of factors, each between zero 
and one, and each a cause or source of reduced efficiency 
(1J). For the present analysis it will be assumed that n is 
made up of five independent factors. Other factors could be 
considered but will be taken equal to one for this analysis. 
For example, the contribution to n due to the failure of 
the feed phase center to be located at the focal point of 
the dish is considered equal to one as it is assumed that 
the feed can be focused properly. Thus n can be written as 
n = nn n^n-.n.rir where each n. is one minus the fraction of 1 2 3 4 5 J 
total available energy at the principal polarization lost 
due to the effect. n^ is due to aperture taper loss, the 
extent to which the gain is less than that available using 
uniform aperture excitation; ^ to dish surface tolerance; 
n^ to feed mismatch as measured by VSWR; n^ to feed spill¬ 
over; and n^ to aperture blockage. 
41 
The value of can be estimated by evaluating the 
antenna's beam efficiency (n^) and its main beam solid 
angle (Gm). These quantities are related as follows (12): 
H = Ai 
n, Ap 9m 
From Kraus (3) we can estimate 9m as 9m = kp (9HP) where 
kp is a factor between about 1.0 for a uniform aperture dis¬ 
tribution and 1.13 for a Gaussian power pattern. The cal¬ 
culated aperture distribution is tapered, but not as strong¬ 
ly as a Gaussian distribution; as the worst case k will be 
taken equal to 1.13. 9HP is the haIf-power beam width in 
radius of the secondary pattern of the dish. Therefore, 
9m equals (1.13) (0.11 rad)2 = 0.013 rad2. n^ can be cal¬ 
culated (13) assuming that g(u) from page 38, for r equal to 
45.7 cm is the secondary pattern of the dish. Reference (13) 
calculated n^ for the g(u) used here, and the result is n^ 
equals 0.9 9. Thus 
ni = nb = °-71- 
Ap 9m 
From physical measurements made on the dish surface it 
was estimated that the surface deviation from a true parabo¬ 
loid was no more than plus or minus one-half inch (0.017X 
at 405 MHz). From the paper by Ruze (14) this is found to 
correspond to a power loss of something less than 0.1 dB, 
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which is 2.3% of the power. Therefore, is estimated to 
be 0.97. If the dish is to be used later at a shorter 
wave length, this effect will become greater and more 
accurate surface tolerance measurements will be needed. 
Assuming that the feed can be matched in the dish so 
that its VSWR does not exceed 1.20 over the band width, the 
value of n^ is simply the reflection loss corresponding to 
the VSWR and is equal to 0.99. 
It is observed by looking at the feed patterns pre¬ 
sented in Figures 13 through 24 that it would be very hard 
to get a good analytical expression for the feed pattern. 
This is in part due to the fact that the side lobes in the 
feed pattern are not rotationally symmetric. Thus n^, 
which is one minus the fraction of energy radiated by the 
feed not striking the parabolic dish, will not be calculated 
but will just be estimated to be 0.90 which is a typical 
value for the amount of taper in the aperture illumination 
(11). Feed spillover contributes to antenna noise tempera¬ 
ture because the feed spillover looks at the earth which 
has a temperature normally 200 to 300°K. The antenna noise 
temperature due to feed spillover is given approximately as 
(l-n^)To in degrees Kelvin, where To is the average back¬ 
ground temperature seen by the feed spillover. Thus, if 
To - 300°K and n^ = 0.90, then (1 - n^)To equals 30°K. 
The effect of nj- can be estimated by calculating 
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the ratio of power blocked by the feed to the amount of power 
that would radiate from the dish if the feed were not present 
(but the dish illuminated as if it were present). Relative 
power density may be obtained by squaring the field intensity 
distribution over the aperture. Thus n^ may be expressed 
The value of b for r = 45.7 cm is 0.181; the limit 
0.107 in the numerator is the normalized radius of the feed 
disk. 
n = (0.71) (0.97) (0.99) (0.90) (0.95) = 0.58 . 
The method by which this was calculated would give a lower 
bound on the aperture efficiency if these were the only fac¬ 
tors affecting the aperture efficiency. 
n 1 
Multiplying these five values of n^ together, 
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CHAPTER VI. SUMMARY AND RECOMMENDATIONS 
The feed design that was chosen and built theoretically 
meets the given specifications for the design. The theoret¬ 
ical half-power beam width of the dish was 6.3 degrees with 
the first side lobe down over 25 dB. 
The VSWR of the parabolic antenna was measured, with 
the feed matched as it was for its pattern measurements, and 
it was found that the VSWR was as high as 2.0. In order to 
get a lower VSWR, the feed needs to be matched in the dish, 
thus increasing the aperture efficiency. 
For further work, the secondary pattern and aperture 
efficiency of the dish need to be measured. Kuz'min and 
Salmonovich (15) show how an extraterrestrial source can be 
used to measure these quantities. 
Also for further work, it would be desirable to have 
the dishes mounted and eventually electrically interconnected 
so they can be used as an interferometer. 
* 
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